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Nippon Steel Corporation's Unbonded 6\ace™ ^ 
a high-performance structural lem nt 
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Unbonded Brace™ Concept 

Nippon Steel Corporation's Unbonded Brace is a structural 
brace element consisting of a steel core plate surrounded by 
mortar and enclosed In a steel tube. It provides very 
stable, repeatabfe and symmetric hysteretic behavior In 
the Inelastic range and does so without buckling. 
A membrane called the unbending material, between the 
core plate and the mortar, ensures that axial forces in the 
core plate do not transfer to the mortar and the steel tube. 
This Ingenious combination of components produces a 
seismic structural element with stable and symmetric 
tension-compression hysteretic behavior. 
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StatA Material : J?S SS4CO 
(tfmRar to ASTM A38) 
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Axial Strain 

Unbonded Brace Hysteretic Behavior 




Prior to shipment 



High Performance and Quality 
at an Economical Price 

Unbonded Braces are manufactured 
to the highest quality standards.The 
thickness of the unbonding material 
layer is very tightly controlled in the 
fabrication process to ensure a uniform 
clearance between the core plate and 
the surrounding mortar. This, along 
with other icey details, ensures that 
yielding of the brace core plate is uniform along its length, 
and that Unbonded Braces achieve higher performance 
than any other comparable structural elements. The 
Unbonded Brace is an efficient combination of economic 
materials: steel and concrete mortar. 



BCJ Approval* 

license Number BCJ-S-1276 (The BuiWng Center Japan Is part of (he 
Mimslry of Constiuctton. similar In function to tCBO ) 

Nippon Steel's Unbonded Brace received a 'BA* 
classification approval from BCJ as both a seismic control 
member and a structural element and as a result can be 
used to achieve design s that ar e moTe^cQQomical than 
regular structurr' ' — ^ ^ 



(Japanese patents issued; U.S. patent pentfiitj) 




The essence of the Unbonded Brae ™ is a brace that do sn't. 
is highly ductile, and v ry eff ctively absorbs seismic n rgy. 



Unbonded Brace™ Performance 



(1) Hysteresis loops In tension 
and compression have 
equal sdenglh and rigidity, 
in the pre- and post-yield 
ranges. 

(2) In lull-scale shaking table 
dynamic tests, Unbonded 
Braces show stable hystereflc 
behavior at deformations 
up to ±7% beace axial strata 

(3) In low-cycle fatigue tests. 
Unbonded Braces maintain 
slabfe behavior tor over 200 
cycles al an axial strain of 
±0.75% (approximately 
equal lo 1% story drift). 



#Nipoon Steel's Unbonded Brace 

Strict <nndHy ctnvoft of unbondmt ifioCarial layer 



i #A buckting-resistant brace with "meff ective confinement 

Concentrations of ptssifc sb yin 




A Stable hysterotlo behavior 



X'Same stiffness In tendon and compression 
$Same strength in tension and compression 

3'Slabfe and symmetric hystereOc behavior In tension and compression 



* Pinched hystereoc behavtar 
due to local o«* ins 



Application to "Damage Tolerant" Structures 

Unbonded Braces are designed to operate in the plastic range under 
seismic loading, and therefore earthquake energy is concentrated in the 
Unbonded Braces while the primary structural frame is designed to 
remain essentially elastic. As a result, an economical design can be 
achieved for the primary frame and ft can remain undamaged, even after 
a severe earthquake. If necessary, only the Unbonded Braces need to 
be replaced after a severe earthquake, achieving a higher level of 
safety for the building and easier post-earthquake recovery. 

•Damage Controlled Design 
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Absorb seismic energy, 
provide structure 
wttti ductmty 
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Type of Unbonded Brace 


Type of Core Rate 


Matorlal Specification 


Standard Type 
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• JJS SS4O0 (slmflar to ASTM A36) 

• JJ9 SM490 (Simftar to ASTM A572/SO) 
•JIS SMS 20 (similar to ASTM A572/GO) 
•JISSN400 (similar to ASTM A38, but with lower 

end upper limits on Fy and Rj> 

• JIS 6N490 (sfcnlor to ASTM AS92/50) 
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The xc (lent performance of Unbond d Braces™ has, bee 
d monstrat d in numerous test programs. ^ 





Full-Scale Dynamic Shaking Table Tests* 



'BuMng Rttssarch Insthute Laboratory, TsuKvba, Japan 

The JMA Kobe Observatory ground motion (Kobe, 1995) was applied at 
maximum velocities from 10 to 70 cm/s (4 to 27.6 in/s), and the Unbonded Brace 
showed stable hysteretic behavior for axial strains as high as 7.5%. 

The El Centro ground motion (California, 1940) was applied at maximum 
velocities from 5 to 90 cm/s (2 to 35.4 In/s) and the Unbonded Brace showed 
stable hysteretic behavior for axial strains as high as 7.2%. 




•Typical Result. Full-Scale Shaking Tafre T3?t 
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B_ Centro MS 1940 50 cm/sec 
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Fatigue Resistance 

Under low cycle fatigue testing. Unbonded Braces show stable hysteretic 
behavior for 200 cycles under a deformation corresponding to 1 % story drift 

•Low-Cycle Fatigue 

Man-OIiH Wfefc jtKl Strain A*(%) 
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Response Measurement Device 



Optional Measurement Device: Maximum 
Deformation Meter 

If ft is required to monitor the seismic behavior of 
installed Unbonded Braces, Nippon Steel 
optionally provides a simple mechanical device 
(requiring no electrical power for operation) that 
records the maxfmurh brace deformation in an 
earthquake. 




Unbond d Braces™ hav be n applied to numerous 
large and high-quality structur s. 



Unbonded Brace Applications 
In Japan (through 2000) 

High-rise Buildings (over 15 stories) 90 butWngs 

Uw-fisc Bui Wings a ess than 1 5 stories) — 70 buildings 
Tota i Over 160 buildings 



• Exposed Braces 
with Cast End Connections 
2000 

Toyota Stadium. Afchl 
Design: K. Kunokawa, Ove Amp Japan 




• Exposed* Fire Protected; Welded 
Connections and Circular Tube 
Unbonded Braces 
1891 

L K. Building. Tokyo 
Design: Nikken Sekkei 



»t •Very Large Unbonded Braces (22 m. 72.5 ft long) 
1998 

Osaka International Convention Centre, Osaka 
Design: K. Kurokawa, Ove Arup Japan 




Core Plate 



JIS SS400 (similar to ASTM A36) 
JIS SM490 (similar to ASTM A572/50) 
JIS SM520 (simBar to ASTM A572/60) 

JIS SN400 (similar to ASTM A36, but with lower and upper limits on Fy and Fo) 
JIS SN490 (similar to ASTM A992/50) 

* Minimum core plate thickness is 19mm (3/4 in). 



Steel Tube 



JIS STKR400, STK400, Thickness : 3.2 mm to 16 mm 

Width or Diameter : 100 to 500 mm (larger sizes are possible upon request) 



Mortar 

Design of Steel Tube 



As per Nippon Steel Technical Specification 
As per Nippon Steel Technical Specification 



Contacts 



USA 



■Sales 



Mitsui & Co. (U.S.A.), Inc. 

601 S. Rgueroa St, Suite 1900, Los Angeles, CA 90017 

Keilchi Furihata 
tel: 213-896-1146 
fax: 213-688-7935 
e-mail: kfurihat @ los.mitsui.com 



■Technical Information Seismic Isolation Engineering, Inc. 

P.O. Box 1 1243, Oakland, CA 9461 1-0243 

lan Aiken, Ph.D., P.E. 
tel: 610-595-7498 
fax: 510-595-7499 
e-mail: ida@siecorp.com 
website: www.siecorp.com 



■Manufacturing Steel Structure Div., Nippon Steel Corporation 

2-6-3, Oternachi, Chiyoda-ku, Tokyo 
tel: +81-3-3275-6671 
fax: +81-3-3275-5978 
e-mail: kimura.isaol @ eng.nsc.co.jp 
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